■ ^ " ■ 

U CITED 8Y APPLICAN-ff/ 



® 



J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



© Publication number: 



0 663 709 A2 



® 



EUROPEAN PATENT APPLICATION 



(£) Application number: 94120418.2 
@ Date of filing: 22.12.94 



® Int. CI 6: HOIS 3/103. H01S 3/096 



® Priority: 12.01.94 US 180828 

@ Date of publication of application: 
19.07.95 Bulletin 95/29 

@ Designated Contracting States: 
BE DE FR GB 



0 Applicant: I^ILES INC. (an Indiana 
corporation) 
Agfa Division, 
200 Ballardvale Street 
Wilmington, IMA 01 887-1 069 (US) 

@ Inventor: Rolfe, Norman F. 
194 Nowell Fame Road 
Carlisle, MA 01741 (US) 

® Representative: Strasse, Joachim, Dlpl.-lng. et 
al 

Strasse, Vonnemann & Partner 
Balanstrasse 55 
D-81541 MUnchen (DE) 



(S) A method and apparatus for driving a semi-conductor laser device. 



CM 
< 

CO 
CD 
CO 



@ A method and apparatus for driving a semicon- 
ductor laser device (SLD1) in a laser recorder to 
produce a substantially constant optical power out- 
put over a range of temperatures while preserving a 
high optical switching frequency. A semiconductor 
laser device (SLD1) and a current sink (SLD2) are 
used in combination In driver circuit. A bias current 
(Ibl) maintains the semiconductor laser device 
{SLD1) at a first operating state, below a selected 
optical power threshold, and another bias current 
(Ib2) maintains the current sink (SLD2) at a first state 
also below a selected threshold. An information cur- 
rent (Im) is added to the bias current (Ib1) to drive 
the semiconductor laser device (SLD1) at a second 
state having a higher optical power. The information 
current (Im) is then steered to the current sink 
(SLD2), adding to the other bias current (Ib2). to 
drive the current sink (SLD2) at a second state such 
that the semiconductor laser device (SLD2) returns 
to the first state. A feedback signal (El) adjusts the 
information current (Im) according to the output pow- 
er of the semiconductor laser device (SLD1) when 
operating at the second state and according to the 
conditions of the current sink (SLD2). 
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The invention relates generally to a method 
and apparatus for current driving a semiconductor 
laser device for producing an optical signal. Spe- 
cifically the method and apparatus provide a bias 
current that produces a low laser power output and 
a higher current that produces a higher laser power 
output. 

Semiconductor laser devices emit light having 
an optical power output level that is a non-linear 
function of the current flowing through the device. 
The transfer function, device current versus optical 
power output, of semiconductor laser devices is not 
stable and changes as a function of temperature 
and age. These devices must be controlled to 
maintain a desired optical power output level and 
insure that the electrical power dissipation does not 
exceed its rated maximum and destroy the device. 
These devices are capable of high switching fre- 
quencies when maintained in a conducting state by 
supplying a bias current through the device. The 
bias current reduces the effective impedance of the 
device thereby increasing its switching frequency. 

Previous circuits lacked in maintaining constant 
ON state and OFF state currents through the semi- 
conductor laser device. This causes the laser beam 
to be unstable, optical power output is not at the 
desired level immediately following the transition 
from the OFF state to the ON state. This Instability 
causes optical power density variations which intro- 
duce noise into the optical output signal. 

Another problem with prior circuits is poor abil- 
ity to adjust and maintain the operating points of 
the current driver to compensate for variations in 
the terminal characteristics of the semiconductor 
laser device due to temperature variations and age. 

For example, a driver circuit for a laser diode is 
described in U.S. Patent 4,761,659, issued on Au- 
gust 2, 1988. to Neglshi. This driver circuit com- 
pensates for variation of the relationship of laser 
diode current and laser diode optical power output 
due to temperature and age. The driver circuit 
compensates for these variations by using a diode 
in a reference circuit for controlling the power out- 
put of the laser diode. The reference voltage, pro- 
duced by the reference circuit, varies with tempera- 
ture in a manner similar to that of the laser diode 
which tends to maintain the laser diode optical 
power output reasonably constant. The driver cir- 
cuit itself however limits high frequency operation 
since there is no bias current supplied to the laser 
diode during Its OFF state. 

Another example is U.S. Pat. No. 4.709,369, 
issued on Nov. 24, 1987, to Howard. This patent 
describes a driver circuit that controls the power 
output of a laser diode. This driver circuit allows for 
a bias current through the laser diode for increased 
frequency of operation. The circuit adjusts the writ- 
ing current and bias current levels with a single 



reference. This single reference is optimized to 
produce the desired power output in the writing 
state and the bias current is whatever results from 
the reference voltage through the other emitter 

5 resistor. This circuit does not maintain a constant 
contrast ratio between the ON and OFF states of 
the laser diode and can cause image shadow on 
sensitive imaging media as temperature varies. 
It is therefore a general object of the invention 

10 to control the current flows within a semiconductor 
laser device to maintain a substantially constant 
optical power output while maintaining a high 
switching frequency of the semiconductor laser de- 
vice. 

IS It is a further object of the invention to auto- 

matically adjust the current flows within a semicon- 
ductor laser device to compensate for variations in 
the transfer characteristics of the device due to 
temperature and age in order to maintain the op- 

20 tical power output and contrast ratio substantially 
constant while maintaining the ability to switch the 
semiconductor laser device at a high frequency. 

A method and apparatus for driving a semicon- 
ductor laser device that produces a high optical 

25 power output state and a low optical power output 
state in a semiconductor laser device. A bias cur- 
rent for a semiconductor laser device is established 
that produces a low predetermined optical F>ower 
output defining its first state. A higher current that 

30 is the sum of the bias current and an information 
current produces a high predetermined optical 
power output defining its second state. The in- 
formation current is maintained substantially con- 
stant via a closed loop control system. The in- 

35 formation current is steered through one of two 
semiconductor laser devices In response to an 
input information signal. 

Both of the bias currents are adjusted, by a 
calibration circuit, to compensate for changes in 

40 temperature to maintain the low predetermined op- 
tical power output level of each first state. This 
provides for a controlled contrast ratio which is 
substantially constant. The bias currents maintain 
the semiconductor laser devices in an active state 

45 such that a high switching frequency can be re- 
alized. 

The calibration circuit also Insures that the in- 
formation current has substantially the same value 
regardless of the semiconductor laser device 

60 through which it is steered. This condition results In 
stable optical power output close to the switching 
time thereby minimizing noise in the optical signal 
and maintaining high switching frequency. 

The objects and features set forth above and 

55 other objects and features of the invention will best 
be understood from a detailed description of a 
preferred embodiment thereof, selected for pur- 
poses of illustration and shown in the accompany- 
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ing drawings in which: 

Fig 1 is a schematic diagram of the basic 

current steering circuit. 
Fig 2 is a schematic diagram showing the 

addition of a control mechanism to ad- 5 
just the information current source. 
Fig 3 is a schematic diagram showing the 
addition of a control mechanism to ad- 
just the bias currents for each of the 
semiconductor laser devices. io 
The preferred embodiment of the invention is j 
in a laser imaging system wherein a laser beam Is "] 
used to record an image on a recording media. A [ 
semiconductor laser device is used as the imaging / 
element which generates the laser beam. A current / 75 
generator is used to drive the imaging element with / 
a substantially constant current. Another semicon-.i 
ductor laser device is used as a dummy load orj 
current sink for the current generator when it is not! 
driving the imaging element. This allows the cur-j 20 
rent generator to drive the semiconductor laser 
devices and maintain the information current sub-| 
stantially constant. A cun'ent switch is responsive! 
to an input information signal which is representa-', 
tive of an image to be recorded on a recording j 25 
media. Such an Information signal In the present! 
invention may comprise an "on" command for i 
each image pixel to be recorded and an "off" ; 
command for each unrecorded image pixel. i 

The basic circuit, as shown in Fig 1, is a 30 
differential switch that steers an information current 
(Im) between a first semiconductor laser device 
(SLD1) and a second semiconductor laser device 
(SLD2). Each semiconductor laser device is sup- 
plied a first and second bias current, (Ib1) and 35 
(Ib2). respectively, to keep them in a conducting 
state. The values of (Ib1 ) and (Ib2) are picked such 
that the optical power outputs of (SLD1) and 
(SLP2) are below the lasing threshold, or alter- 
nately, below a recording threshold, in an image 40 
recorder. The existence of the bias currents (Ib1) 
and (Ib2) reduces the time required for the semi- 
conductor laser devices to transition between a first 
state, having an optical output power which Is be- 
low a lasing or recording threshold and a second 45 
state, having an optical output power which is high- 
er than the first state. When switch (SI) Is in 
position (A), the information current (Im) is steered 
through semiconductor laser device (SLDI) such 
that (II ) = Ib1 + Im and (12) = Ib2. This condition 50 
causes (SLD1) to be in Its second state while 
(SLD2) is in its first state. When switch (SI) is In 
position B the current (Im) is steered through 
(SLD2) such that (12) = Ib2 + Im and (II) = Ib1. 
This condition causes (SLD2) to be in its second 55 
state while (SLDI) is In Its first state. The position 
of switch (SI) changes in response to the state of 
the input information signal. 



Fig. 2 shows the addition of a control mecha- 
nism to the basic circuit of Fig 1. This control 
circuit adjusts the information current (Im) to pro- 
duce a higher predetermined optical power output 
defining the second state of semiconductor laser 
device (SLD1). A reference current source (Ir1), 
which has a predetermined value representative of 
the higher predetermined optical power output de- 
fining the second state of (SLD1), and a current 
source (If1). which is proportional to the optical 
power output of (SLD1) is added to the circuit of 
Fig. 2. The current source (Ifl) in the present 
invention is a photodiode contained within the 
same package as the laser diode (SLDI ). 

A portion of the laser optical output power 
directed onto the photodiode produces a current 
which is proportional to the laser optical output 
power. In an alternative embodiment, the current 
source (Ifl) may comprise a photodiode externa! to 
the laser cavity having a portion of the laser output 
optical signal focused onto the photodiode surface 
by an optical system. 

The currents (Ir1) and (lf1) are summed and 
supplied to an error amplifier (A1 ) via the (A) posi- 
tion of switch (S2). The error amplifier (A1) pro- 
duces an error signal (E1) which adjusts the value 
of the current source (Im) such that Ir1 - Ifl = 0 
which occurs when the optical power output of 
(SLD1) attains the predetermined value defining its 
second state. Switches (S1) and (S2) are interloc- 
ked such that they both change to the same posi- 
tion at the same time in response to the state of 
the input information signal. Since in the present 
invention, the predetermined value of the optical 
output power remains constant for each recording 
pixel, the recorded Image is a halftone image. 

A complementary circuit is added around semi- 
conductor laser device (SLD2) . This circuit is 
comprised of a reference current source (Ir2) and a 
current source (If2), that is proportional to the op- 
tical power output of (SLD2). In the present Inven- 
tion, a photodiode contained within a laser diode 
package is used. The currents (Ir2) and (If2) are 
summed and supplied to the error amplifier (A1) 
via the B position of switch (S2). The error amplifier 
(A1) again produces an error signal (El) which 
adjusts the value of the current source (Im) such 
that Ir2 - If2 = 0. which is the condition that occurs 
when the optical power output of (SLD2) attains the 
predetermined value of its second state. 

The value of the current (Ib2) is picked such 
that the value of the information current (Im) Is the 
same for both positions (A) and (B) of switches 
(SI) and (82). This results in the optical power 
output of (SLD1) being immediately stable after the 
transition of switches (Si) and (S2) occurs. This 
condition greatly improves the usable switching 
frequency of the driver circuit. 



EP 0 663 709 A2 



Fig. 3 shows the addition of control circuitry to 
calibrate, adjust, the bias current sources for 
<SLD1) and (SLD2). This allows the driver circuit to 
compensate for device transfer characteristic vari- 
ations with temperature and age. The desired result 
Is to maintain the optical power output of (SLD1) 
substantially constant and maintain the value of 
(Im) substantially constant whether steered through 
(SLD1) or (SLD2). 

The circuit of Fig. 3 replaces current source 
(Ir1), (of Hg. 2), with two current sources (Iral) and 
(Irbl). The current sources (Ira1) and (Irb1) are 
reference currents for the higher predetermined 
optical power output defining the second state and 
the low predetermined optical power output defin- 
ing the first state respectively of device (SLD1 ). An 
explanation of the calibration process follows. 

The bias current (Ib1) is adjusted during a time 
when the optical output of (SLD1) is not otherwise 
used. During this time switches (SI) and (S2) are in 
position (N), switch (S5) is closed, switches (S4). 
(SB), (S7) and (S8) are open, and track and hold 
circuit (T/H1) is in the track mode. The current Ifl - 
Irbl is summed and Input to error amplifier (A2) via 
switch (85). The amplified error output of (A2) is 
tracked by track and hold circuit (T/H1). The output 
of (T/H1) adjusts the current (Ib1) such that If1 - 
Irbl = 0, which occurs when (SLD1) attains the 
low predetermined optical power output defining its 
first state. Track and hold circuit (T/H1) switches 
from track mode to hold mode at the end of this 
time and remains in hold mode until the next 
calibration cycle. 

After completing the adjustment of bias current 
(fb1) the calibration process samples the value of 
(Im) when flowing through (SLD1). This is done to 
allow subsequent adjustment of the bias current 
(Ib2) such that (Im) remains substantially the same 
value when flowing through (SLD2). This sampling 
is performed during a time following the adjustment 
of bias current (Ibl). Switches (S1) and (S2) are 
placed in iDOSition A, switches (S4), (SB) are closed, 
switches (S5), (S7). (S8) are open and track and 
hold circuit (T/H2) is placed in track mode. A 
current mirror is used to mirror the value of the 
information current (Im) in the (Ims) current source. 
The current (Ims) is tracked by track and hold 
circuit T/H 2. The output of (T/H2) is the current 
source (Imt) which now has a value equal to that of 
(Ims). The sampling is now complete and (T/H2) is 
placed in hold mode until the next adjustment 
cycle. 

After completing sampling of the value of the 
Information current (Im) the calibration process ad- 
justs the value of bias current source (Ib2). During 
this time switches (81) and (82) are in position B, 
switches (S5), (SB) are opened, switches (S4), (S7) 
and (88) are closed, and track and hold circuit 



(T/H3) is placed in the track mode. This causes the 
information current (Im) to be adjusted by error 
amp (A1), which now has an input error current of 
If2 - Ir2. until the optical power output of (SLD2) 
5 attains the predetermined value defining its second 
state. The current (Ims) now mirrors the value of 
(Im) as It flows through (SDL2). The current Imt - 
Ims is formed via switch (S7) being closed and 
input to error amplifier (A3). Error amplifier (A3) 
10 amplifies the error current and drives track and 
hold circuit (T/H3). The output of track and hold 
circuit (T/H3) adjusts the current source (Ib2) such 
that Imt - Ims = 0, which is the condition that 
causes (Im) to be substantially the same value as 
75 when it was flowing through device (SLD1). Track 
and hold circuit (T/H3) is now placed in hold mode 
until the next calibration cycle. This ends this 
phase of adjustment and the calibration process. 
The result of this process of adjusting the bias 
20 current (Ib2) accomplishes two desired effects. 
Rrstly the value of (Im) is made to be substantially 
the same value when flowing through (SLD2) as 
when flowing through (SLD1). Secondly the con- 
trast ratio is maintained substantially constant by 
25 adjusting the bias current (Ib1) to produce the low 
predetermined optical power output defining the 
first state of (SLD1 ). 

The calibration cycle is periodically repeated to 
adjust the circuit for changes in the transfer char- 
so acteristics of (SLD1) and (8LD2) due to tempera- 
ture and age. 

Having described in detail the preferred em- 
bodiment of the invention, it will now be apparent 
to those skilled in the art that numerous modifica- 
35 tions can be made therein without departing from 
the scope of the invention as defined in the follow- 
ing claims. 
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Claims 



1. A method for driving a semiconductor laser 
device (SLD1) between first and second states 
comprising the steps of: 

(a) driving the semiconductor laser device 
45 (SLD1) with a bias current (Ibl) which pro- 
duces a predetermined optical power output 
that defines said first state; 

(b) driving said semiconductor laser device 
(SLD1 ) at a higher current produced by the 

50 combination of said bias current (ib1) and 

an Information current (Im), said higher cur- 
rent producing another predetermined op- 
tical power output that defines said second 
state; 

55 (c) producing a transition from said second 

state to said first state by steering the in- 
formation current (Im) to a current sink 
(SLD2) having substantially the same 
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switching speed and voltage versus current 
terminal characteristics as said semiconduc- 
tor laser device (SLD1); and, 
(d) producing a transition from said first 
state to said second state by steering said 5 
information current (Im) to said semiconduc- 
tor laser device (SLD1 ). 

2. The method of claim 1 further comprising the 
step of repeating steps (c) and (d) in response io 
to an information signal. 

3. The method of claim 2 wherein said Informa- 
tion signal represents a halftone Image. 

75 

4. The method of claim 2 wherein the optical 
power output of said second state of said 
semiconductor laser device (SLD1 ) Is constant. 

5. The method of claim 1 wherein said current 20 
sink (SLD2) has a bias current (Ib2) that main- 
tains said information current (Im) substantially 
constant during the transition of step (c) and 
during the transition of step (d). 

25 

6. The method of claim 1 wherein said semicon- 
ductor laser device (SLD1 ) is a semiconductor 
laser diode. 

7. The method of claim 1 wherein said current 30 
sink (SLD2) is a semiconductor laser diode. 

8. The method of claim 2 wherein said informa- 
tion signal represents an image to be recorded 

on a recording media wherein said optical 35 
power output that defines said first state is 
below an image recording threshold of said 
recording media and said optical power output 
that defines said second state is above said 
image recording threshold. 40 

9. The method of claim 1 wherein said informa- 
tion current (Im) is controlled by an error signal 
(El), causing adjustment to said information 
current (Im) such that said second state optical 46 
power output level of said semiconductor laser 
device (SLD1) remains substantially constant. 

10. The method of claim 9 wherein said error 
signal (El) is proportional to a current pro- . so 
duced by a semiconductor photodiode having 

a portion of said optical power output of said 
semiconductor laser device (SLD1) directed 
thereon to generate a current source (Ifl) from 
said semiconductor photodiode which is pro- 55 
portional to said optical power output of said 
semiconductor laser device (SLDl). 



11. The method of claim 10 wherein said semicon- 
ductor photodiode Is Internal to said semicon- 
ductor laser device (SLDl). 

12. The method of claim 10 wherein said semicon- 
ductor photodiode is external to said semicon- 
ductor laser device (SLDl) and a portion of 
said optical power output of said semiconduc- 
tor laser device (SLD1) is directed onto said 
semiconductor photodiode by an optical sys- 
tem. 

ia The method of claim 10 wherein the relation- 
ship of said current source (Ifl) versus said 
optical power output of said semiconductor 
laser device (SLD1) is stable over a range of 
operating temperatures. 

14. The method of claim 1 wherein said informa- 
tion current (Im) and said predetermined op- 
tical power output are closed loop controlled 
by the steps of: 

(a) providing a first current source (Ifl ) hav- 
ing a current output which is proportional to 
the optical output signal amplitude of said 
semiconductor laser device (SLD1) when 
operating at said second state; 

(b) providing a first reference current source 
(Ir1) having a current output which is equal 
to the value of said first current source (Ifl); 

(c) providing a second current source (If 2) 
having a current output which is proportional 
to the optical power output of said current 
sink (SLD2) when operating at said second 
state; 

(d) providing a second current source (If2) 
having a current output equal to the current 
of said second current source (!f2); 

(e) adjusting said information current (Im) 
for driving said first semiconductor laser 
device (SLDl) according to an error signal 
(E1) which is proportional to the difference 
between the current output by said first 
current source (If1) and the current output 
by said first reference current source (Irl) 
such that said second state of said semi- 
conductor laser device (SLD1) produces a 
constant optical power output, and; 

(f) adjusting said information current (Im) for 
driving said current sink (SLD2) according 
to an error signal (El ) which is proportional 
to the difference between the. current output 
by said second current source (If2) and the 
current output by said second reference 
current source (I r2) such that said second 
state of said current sink (SLD2) produces a 
constant optical power output. 
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15. The method of claim 2 further comprising the 
steps of: 

(a) adjusting said bias current (tbi) of said 
semiconductor laser device (SLD1) such 
that said semiconductor device (SLD1) pro- 
duces said predetermined optical power 
output of said first state; 

(b) adjusting said information current (Im) 
such that the sum of said information cur- 
rent (Im) and said bias current (ibi) causes 
said semiconductor laser device (SLD1) to 
emit said predetermined optical power out- 
put of said second state; and, 

(c) providing another bias current (ib2) for 
said current sink (SLD2) such that the sum 
of said other bias current (Ib2) and said 
information current (Im) causes said current 
sink (SLD2) to emit said predetermined op- 
tical power output for said second state, and 
causes said information current (Im) to have 
substantially the same value as in step (b). 

16. An apparatus for driving a semiconductor laser 
device (SLD1) between first and second states, 
said apparatus comprising: 

(a) means for driving the semiconductor la- 
ser device (SLD1) with a bias current (Ibi) 
which produces a predetermined optical 
power output that defines said first state; 

(b) means for driving said semiconductor 
laser device (SLD1) at a higher current pro- 
duced by the combination of said bias cur- 
rent (Ibi) and an information current (Im), 
said higher current producing another pre- 
determined optical power output that de- 
fines said second state; 

(c) means for producing a transition from 
said second state to said first state by 
steering said information current (im) to a 
current sink (SLD2) having substantially the 
same switching speed and voltage versus 
current terminal characteristics as said 
semiconductor laser device (SLD1); and, 

(d) means for producing a transition from 
said first state to said second state by 
steering said information current (Im) to said 
semiconductor laser device (SLD1). 

17. The apparatus of claim 16 wherein said means 
for producing said transition from said second 
state to said first state and said means for 
producing said transition from said first state to 
said second state are responsive to an in- 
formation signal. 

18. The apparatus of claim 17 wherein said in- 
formation signal represents a halftone image. 



19- The apparatus of claim 17 wherein the optical 
power output of said second state of said 
semiconductor laser device (SLD1) is constant. 

5 20. The apparatus of claim 16 wherein said current 
sink (SLD2) has a bias current (Im2) which is 
adjusted to maintain said information current 
(Im) substantially constant during the transition 
from said second state to said first state and 

10 the transition from said first state to said sec- 

ond state. 

21. The apparatus of claim 16 wherein said semi- 
conductor laser device (SLD1) is a semlcon- 

75 ductor laser diode. 

22. The apparatus of claim 16 wherein said current 
sink (SLD2) is a semiconductor laser diode. 

20 23. The apparatus of claim 17 wherein said in- 
formation signal (Im) represents an image to 
be recorded on a recording media wherein 
said optical power output that defines said first 
state is below an image recording threshold of 

25 said recording media and said optical power 

output that defines said second state is above 
said image recording threshold. 

24. The apparatus of claim 16 wherein said in- 
30 formation current (Im) is controlled by feed- 
back means for adjusting said information cur- 
rent (Im) such that said second state optical 
power output level of said semiconductor laser 
device (SLD1) remains substantially constant. 

35 

25. The apparatus of claim 24 wherein said feed- 
back means is a semiconductor photodiode 
with a portion of said optical power output of 
said semiconductor laser device (SLDI) is di- 

40 rected onto said semiconductor photodiode 

thereby producing a current source (Ifl) which 
is proportional to said optical power output of 
said semiconductor laser device (SLDI). 

45 26. The apparatus of claim 25 wherein said semi- 
conductor photodiode is internal to said semi- 
conductor laser device (SLDI ). 

27. The apparatus of claim 25 wherein said semi- 
50 conductor photodiode is external to said semi- 

conductor laser device (SLDI) and a portion of 
said optical power output of said semiconduc- 
tor laser device (SLD1) Is directed onto said 
semiconductor photodiode by an optical sys- 
6S tem. 

2a The apparatus of claim 25 wherein said feed- 
back means is stable over a range of operating 
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temperatures. 

29. The apparatus of claim 16 wherein said in- 
formation current (!m) and said predetermined 
optical power output are controlled by a closed 5 
loop system comprising: 

(a) means for generating a first current (If 1 ) 
proportional to the optical power output of 
said semiconductor laser device. (SLD1) 
when operating at said second state; to 

(b) means for generating a first reference 
current (Irl) having a value equal to the 
value of said first current (Ifl); 

(c) means for generating a second current 

(If2) proportional to the optical power output 76 
of said current sink (SLD2) when operating 
at said second state; 

(d) means for generating a second refer- 
ence current (Ir2) having a value equal to 

the value of said second current (If2); 20 

(e) means responsive to the difference be- 
tween said first current (Ifl) and said first 
reference current (Irl) for adjusting said in- 
formation current (Im) for driving said semi- 
conductor laser device (SLD1) such that 25 
said second state of said semiconductor 
laser device (SLD1) produces said constant 
predetermined optica! power output; and. 

(f) means responsive to the difference be- 
tween said second current (If2) and said 30 
second reference current (Ir2) for adjusting 

said information current (Im) for driving said 
current sink (SLD2) such that said second 
state of said current sink (SLD2) produces 
said constant predetermined optical power 35 
output. 

30. The apparatus of claim 17 further comprising: 

(a) means for adjusting said bias current 
(Ibl) of said semiconductor laser device 40 
(SLD1) such that said semiconductor laser 
device (SLD1) produces said predetermined 
optical power output of said first state; 

(b) means for adjusting said information cur- 
rent (Im) such that the sum of said informa- 45 
tion current (Im) and said bias current (Ibl) 
causes said semiconductor laser device 
(SLDl) to emit said predetermined optical 
power output of said second state; and, 

(c) means for adjusting said other bias cur- so 
rent (Ib2) of said current sink (SLD2) such 

that the sum of said other bias current (Ib2) 
and said information current (Im) causes 
said current sink (SLD2) to emit said pre- 
determined optical power output of said 55 
second state, and causes said information 
current (tm) to have substantially the same 
value as said Information current (Im) that 

7 



when added to said bias current (Ibl) of 
said semiconductor laser device (SLDl) 
caused said semiconductor laser device 
(SLDl ) to emit at said predetermined optical 
power output of said second state. 



EP 0663709A2 I > 



EP 0 663 709 A2 




Fig. 1 



8 



EP 0 663 709 A2 




3NSDOCID: <eP 0663709A2J_> 



9 



EP 0 663 709 A2 




(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europ6en des brevets (11) EP 0 663 709 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of pulslication A3: 


(51) int. Ci.^ HOIS 3/1 03, H01S 3/096, 


06.03.1996 BuMetinl 996/10 


HOIS 3/133. HOIS 3/25 


(43) Date of publication A2: 




19.07.1995 Bulletin 1995/29 




(21) Application number: 94120418.2 




(22) Date of filing: 22.12.1994 




(84) Designated Contracting States: 


(72) Inventor: Rolfe, Norman R 


BE DE FR GB 


Cariisle, MA 01741 (US) 


(30) Priority: 12.01.1994 US 180828 


(74) Representative: Strasse, Joachim, Dipl.-lng. et al 


Strasse, Vonnemann & Partner 


(71) Applicant: MILES INC. 


Balanstrasse 55 


(an Indiana corporation) 


D-81541 Munchen (DE) 


Wilmington, MA 01 887-1 069 (US) 





(54) A method and apparatus for driving a semi-conductor laser device 

(57) A method and apparatus for driving a semicon- 
ductor laser device (SLD 1 ) in a laser recorder to produce 
a substantially constant optical power output over a 
range of temperatures while preserving a high optical 
switching frequency. A semiconductor laser device 
(SLD1) and a current sink (SLD2) are used in combina- 
tion in driver circuit. A bias current (Ibl) maintains the 
semiconductor laser device (SLD1) at a first operating 
state, below a selected optical power threshold, and 
another bias current (to2) maintains the current sink 
(SLD2) at a first state also below a selected threshold. 
An information current (Im) is added to the bias current 
(Ib1) to drive the semiconductor laser device (SLDI) at 
a second state having a higher optical power. The infor- 
mation current (Im) is then steered to the current sink 
(SLD2), adding to the other bias current (Ib2), to drive 
the current sink (SLD2) at a second state such that the 
semiconductor laser device (SLD2) returns to the first 
state. A feedback signal (E 1 ) adjusts the information cur- 
rent (Im) according to the output power of the semicon- 
ductor laser device (SLD1 ) when operating at the second 
state and according to the conditions of the current sink 
(SLD2). 
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